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PART 1 - GENERAL

1.1  REFERENCES

The publications listed below form a part of this specification to the extent referenced. The publications
are referred to in the text by the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS
(AASHTO)

AASHTO M182 (1991) Burlap Cloth Made from Jute or Kenaf

AMERICAN CONCRETE INSTITUTE (ACI)

ACI 117 (1990) Tolerances for Concrete Construction and
Materials

ACI 211.1 (1991) Selecting Proportions for Normal, Heavyweight,
and Mass  Concrete

ACI 211.2 (1991) Selecting Proportions for Structural Lightweight
Concrete

ACI 2138 (1987) Structural Lightweight Aggregate Concrete

ACI 301 (1996) Structural Concrete

ACI 302.18 (1996) Concrete Floor and Slab Construction

ACI 3048 (1989) Measuring, Mixing, Transporting, and Placing
Concrete

ACI 304.28 (1996) Placing Concrete by Pumping Methods

ACI 3058 (1991) Hot Weather Concreting

ACI 306.1 (1990) Cold Weather Concreting

ACI 315 (1994) Details and Detailing of Concrete Reinforcement

ACI 318 (1995) Building Code Requirements for Structural
Concrete

ACI 3478 (1994) Formwork for Concrete

AMERICAN HARDBOARD ASSOCIATION (AHA)

AHA A135.4 (1995) Basic Hardboard

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 82 (1997) Steel Wire, Plain, for Concrete Reinforcement
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ASTM A 123 (1997; Rev. A) Zinc (Hot-Dip Galvanized) Coatings on
Iron and Steel Products

ASTM A 496 (1997) Steel Wire, Deformed, for Concrete
Reinforcement

ASTM A 615 (1996; Rev. A) Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement

ASTM A 616 (1996; Rev. A) Rail-Steel Deformed and Plain Bars for
Concrete Reinforcement

ASTM A 617 (1996; Rev. A) Axle-Steel Deformed and Plain Bars for
Concrete Reinforcement

ASTM A 706 (1996; Rev. B) Low-Alloy Steel Deformed Bars for
Concrete Reinforcement

ASTM A 780 (1993; Rev. A) Repair of Damaged and Uncoated Areas
of Hot-Dip Galvanized Coatings

ASTM C 31 (1996) Making and Curing Concrete Test Specimens in
the Field

ASTM C 33 (1997) Concrete Aggregates

ASTM C 39 (1996) Compressive Strength of Cylindrical Concrete
Specimens

ASTM C 42 (1994) Obtaining and Testing Drilled Cores and Sawed
Beams of Concrete

ASTM C 94 (1997) Ready-Mixed Concrete

ASTM C 143 (1990; Rev. A) Slump of Hydraulic Cement Concrete

ASTM C 150 (1997) Portland Cement

ASTM C 171 (1997) Sheet Materials for Curing Concrete

ASTM C 172 (1997) Sampling Freshly Mixed Concrete

ASTM C 173 (1994; Rev. A) Air Content of Freshly Mixed Concrete
by the Volumetric Method

ASTM C 192 (1995) Making and Curing Concrete Test Specimens in
the Laboratory

ASTM C 227 (1990) Potential Alkali Reactivity of Cement-Aggregate
Combinations (Mortar-Bar Method)
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ASTM C 231 (1997) Air Content of Freshly Mixed Concrete by the
Pressure Method

ASTM C 260 (1995) Air-Entraining Admixtures for Concrete

ASTM C 309 (1997) Liquid Membrane-Forming Compounds for
Curing Concrete

ASTM C 330 (1989) Lightweight Aggregates for Structural Concrete

ASTM C 494 (1992) Chemical Admixtures for Concrete

ASTM C 567 (1991) Unit Weight of Structural Concrete

ASTM C 618 (1997) Coal Fly Ash and Raw or Calcined Natural
Pozzolan for Use as a Mineral Admixture in Concrete

ASTM C 920 (1995) Elastomeric Joint Sealants Mortars

ASTM C 1017 (1992) Chemical Admixtures for Use in Producing
Flowing Concrete

ASTM C 1107 (1997) Packaged Dry, Hydraulic -Cement Grout
(Nonshrink)

ASTM D 1751 (1983; R 1991) Preformed Expansion Joint Filler for
Concrete Paving and Structural Construction
(Nonextruding and Resilient Bituminous Types)

ASTM D 1752 (1984; R 1996) Preformed Sponge Rubber and Cork
Expansion Joint Fillers for Concrete Paving and
Structural Construction

ASTM D 4397 (1996) Polyethylene Sheeting for Construction,
Industrial, and Agricultural Applications

ASTM E 1155 (1996) Determining Floor Flatness and Levelness Using
the F-Number System

U.S. DEPARTMENT OF COMMERCE PRODUCT STANDARDS (PS)

PS-1 (1995) Construction and Industrial Plywood

FEDERAL SPECIFICATIONS (FS)

FS SS-S-200 (Rev. E; Am. 2) Sealants, Joint, Two-Component, Jet-
Blast Resistant, Cold-Applied, For Portland Cement
Concrete Pavement

FS UU-B-790 (Rev. A Reinst) Building Paper, Vegetable Fiber: (Kraft,
Waterproofed, Water Repellent and Fire Resistant)
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1.2  DEFINITIONS

a.  "Cementitious material" as used herein shall include all portland cement, pozzolan, and
fly ash.

b.  "Exposed to public view" means situated so that it can be seen from eye level from a
public location after completion of the building. A public location is accessible to persons not responsible
for operation or maintenance of the building.

1.3  SUBMITTALS

Submit the following in accordance with Section 01330, "Submittal Procedures."

1.3.1 SD-02, Shop Drawings

a. Reinforcing steel

b. Reproductions of contract drawings are unacceptable.

1.3.2 SD-03, Product Data

a. Joint sealants

b. Joint filler

c. Vapor barrier

1.3.3 SD-05, Design Data

a. Concrete mix design

Thirty days minimum prior to concrete placement, submit a mix design for each strength and type of
concrete. Submit a complete list of materials including type; brand; source and amount of cement, fly ash,
pozzolans, and admixtures; and applicable reference specifications. Provide mix proportion data using at
least three different water-cement ratios for each type of mixture, which will produce a range of strength
encompassing those required for each class and type of concrete required. If source material changes,
resubmit mix proportion data using revised source material. No material shall be provided unless proven
by trial mix studies to meet the requirements of this specification, unless otherwise approved in writing by
the Contracting Officer. The submittal shall clearly indicate where each mix design will be used when
more than one mix design is submitted. Submit additional data regarding concrete aggregates if the source
of aggregate changes.  An identical concrete mix design previously approved within the past 12 months
by FLETC as an annual mix design submittal, may be used without further approval when accompanied
by a letter signed by an authorized representative of the concrete supplier indicating the mix number,
cement type, water-cement ratio, slump, maximum nominal aggregate size, admixtures, percentage of air
entrainment, and a statement that the materials to be used are on the list of approved certifications. In
addition, copies of the fly ash, and pozzolan test results shall be submitted. The approval of fly ash and
pozzolan test results shall have been within 6 months of submittal date. Obtain acknowledgement of
receipt prior to concrete placement.
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1.3.4 SD-06, Test Reports

a. Concrete mix design

b. Fly ash

c. Aggregates

d. Compressive strength tests

e. Unit weight of structural lightweight concrete

1.4  MODIFICATION OF REFERENCES

Accomplish work in accordance with ACI publications except as modified herein. Consider the advisory
or recommended provisions to be mandatory, as though the word "shall" had been substituted for the
words "should" or "could" or "may," wherever they appear. Interpret reference to the "Building Official,"
the "Structural Engineer," and the "Architect/Engineer" to mean the Contracting Officer.

1.5  DELIVERY, STORAGE, AND HANDLING

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded items, and chamfer strips are
in place and ready for concrete placement. ACI 301 for job site storage of materials. Protect materials
from contaminants such as grease, oil, and dirt. Ensure materials can be accurately identified after bundles
are broken and tags removed.

1.5.1 Reinforcement

Store reinforcement of different sizes and shapes in separate piles or racks raised above the ground.
Protect from contaminants such as grease, oil, and dirt. Ensure bar sizes can be accurately identified after
bundles are broken and tags removed.

1.6  QUALITY ASSURANCE

1.6.1 Drawings

1.6.1.1 Reinforcing Steel

ACI 315. Indicate bending diagrams, assembly diagrams, splicing and laps of bars, shapes, dimensions,
and details of bar reinforcing, accessories, and concrete cover. Do not scale dimensions from structural
drawings to determine lengths of reinforcing bars.

1.6.2 Control Submittals

1.6.2.1 Pumping Concrete

Submit proposed materials and methods for pumping concrete. Submittal shall include mix designs,
pumping equipment including type of pump and size and material for pipe, and maximum length and
height concrete will be pumped.
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1.6.3 Test Reports

1.6.3.1 Concrete Mix Design

Submit copies of laboratory test reports showing that the mix has been successfully tested to produce
concrete with the properties specified and that mix will be suitable for the job conditions. The laboratory
test reports shall include mill tests and all other tests for cement, aggregates, and admixtures. Provide
maximum nominal aggregate size, gradation analysis, percentage retained and passing sieve, and a graph
of percentage retained verses sieve size. Test reports shall be submitted along with the concrete mix
design. Obtain approval before concrete placement.

1.6.3.2 Fly Ash and Pozzolan

Submit test results in accordance with ASTM C 618 for fly ash and pozzolan. Submit test results
performed within 6 months of submittal date.

1.6.3.3 Aggregates

ASTM C 227 for potential alkali-silica reactions, ASTM C 295 for petrographic analysis.

PART 2 - PRODUCTS

2.1 MATERIALS FOR FORMS

Provide wood, plywood, or steel. Use plywood or steel forms where a smooth form finish is required.
Lumber shall be square edged or tongue-and-groove boards, free of raised grain, knotholes, or other
surface defects. Plywood: PS-1, B-B concrete form panels or better or AHA A135.4, hardboard for
smooth form lining. Steel form surfaces shall not contain irregularities, dents, or sags.

2.2 FORM TIES AND ACCESSORIES

The use of wire alone is prohibited. Form ties and accessories shall not reduce the effective cover of the
reinforcement.

2.3  CONCRETE

2.3.2 Contractor-Furnished Mix Design

ACI 211.1, ACI 301, and ACI 318 except as otherwise specified. The compressive strength (f 'c) of the
concrete for each portion of the structures) shall be as indicated.

Location f''c(Min. 28-
Day Comp.
Strength)

ASTM C 33
Maximum
Nominal

Aggregate

Range of
Cement Air

Slump

Maximum
Water-

Cement Ratio
(by weight)

Air Entr.
(percent)

Concrete exposed
to weather
including all grade
beams piers, and
tie beams

3500psi ¾" 4"+1" 0.45 6



Federal Law Enforcement Training Center Section C – Specifications
FTC 01-A04  Construct Office Building #25, Artesia, New Mexico 03300 - Cast-In-Place Concrete

03300-7

Location

f''c(Min. 28-
Day Comp.
Strength)

ASTM C 33
Maximum
Nominal

Aggregate

Range of
Cement Air

Slump

Maximum
Water-

Cement Ratio
(by weight)

Air Entr.
(percent)

All other areas
unless noted.

3500 ¾" 4"+1 .48 None

Floor slabs In
grale

3500 ¾" 3+1" .54 None

Floor elevated
slabs
(Light weight
concrete)

3500 ¾" 5"+1" .54 None

Maximum slump shown above may be increased one inch for methods of consolidation other than
vibration. Slump may be increased to 8 inches when superplasticizers are used. Provide air entrainment
using air-entraining admixture. Air entrainment shall be within plus or minus 1.5 percent of the valve
specified.

2.3.1.1 Mix Proportions for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing requirements for various classes and types
of concrete specified shall be the responsibility of the Contractor. Mixture proportions shall be based on
compressive strength as determined by test specimens fabricated in accordance with ASTM C 192 and
tested in accordance with ASTM C 39. Samples of all materials used in mixture proportioning studies
shall be representative of those proposed for use in the project and shall be accompanied by the
manufacturer's or producer's test report indicating compliance with these specifications. Trial mixtures
having proportions, consistencies, and air content suitable for the work shall be made based on
methodology described in ACI 211.1. The trial mixture shall use at least three different water-cement
ratios for each type of mixture, which will produce a range of strength encompassing those required for
each class and type of concrete required on the project. The maximum water-cement ratio required will be
based on equivalent water-cement ratio calculations as determined by the conversion from the weight
ratio of water to cement plus pozzolan and ground granulated blast-furnace slag by weight equivalency
method. Laboratory trial mixture shall be designed for maximum permitted slump and air content. Each
combination of material proposed for use shall have separate trial mixture, except for accelerator or
retarder use can be provided without separate trial mixture. The temperature of concrete in each trial
batch shall be reported. For each water-cement ratio, at least three test cylinders for each test age shall be
made and cured in accordance with ASTM C 192 and tested in accordance with ASTM C 39 for 7 and 28
days. From these results, a curve shall be plotted showing the relationship between water-cement ratio
and strength for each set of trial mix studies. In addition a curve shall be plotted showing the relationship
between 7 and 28 day strengths.

2.3.1.2 Lightweight Concrete Proportion

ACI 211.2, using weight method. Provide ASTM C 330 aggregates for concrete; 120 pcf (dry) for floors
with a 3500 psi minimum compressive strength at 28 days. Provide ¾" maximum aggregate.  Range of
slump shall be between 4 inches and 5 inches. Maximum water-cement ratio shall be 0.54 with a
minimum cement content of 564 pounds per cubic yard.

2.3.1.3 Required Average Strength of Mix Design

The selected mixture shall produce an average compressive strength exceeding the specified strength by
the amount indicated in ACI 301. When a concrete production facility has a record of at least 15
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consecutive tests, the standard deviation shall be calculated and the required average compressive strength
shall be determined in accordance with ACI 301. When a concrete production facility does not have a
suitable record of tests to establish a standard deviation, the required average strength shall be as follows:

a. For f'c less than 3000 psi, 1000 psi plus f'c.

b. For f'c between 3000 and 5000 psi, 1200 psi plus f'c.

c. For f'c over 5000 psi, 1400 psi plus f'c.

2.4 MATERIALS

2.4.1 Cement

ASTM C 150, Type II.  The blended cement shall consist of a mixture of ASTM C 150, Type II, cement
and one of the following materials:  ASTM C 618 pozzolan or fly ash.  The pozzolan or fly ash content
shall not exceed 25 percent by weight of the total cementitious material.  For exposed concrete, use one
manufacturer for each type of cement, fly ash, and pozzolan.

2.4.1.1 Fly Ash and Pozzolan

ASTM C 618, Type F, except that the maximum allowable loss on ignition shall be 6 percent.  Add with
cement.

2.4.2 Water

Water shall be fresh, clean, and potable; free from injurious amounts of oils, acids, alkalis, salts, organic
materials, or other substances deleterious to concrete.

2.4.3 Aggregates

ASTM C 33, except as modified herein. Furnish aggregates for exposed concrete surfaces from one
source. Aggregates shall not contain any substance which may be deleteriously reactive with the alkalies
in the cement. Aggregates shall show expansions less than 0.10 percent at 6 months when tested in
accordance with ASTM C 227 using a cement with an alkali content above 0.8 percent (expressed as
sodium oxide), and shall not possess properties or constituents that are known to have specific
unfavorable effects in concrete when tested in accordance with ASTM C 295.

2.4.3.1 Aggregates for Lightweight Concrete

ASTM C 330.  Except fine aggregate may conform to ASTM C33.

2.4.4 Nonshrink Grout

ASTM C 1107.
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2.4.5 Admixtures

ASTM C 494: Type A, water reducing; Type B, retarding; Type C, accelerating; Type D, water-reducing
and retarding; and Type E, water-reducing and accelerating admixture. Do not use calcium chloride
admixtures.

2.4.5.1 Air-Entraining

ASTM C 260.

2.4.5.2 High Range Water Reducer (HRWR)

ASTM C 494, Type F

2.4.6 Vapor Barrier

ASTM D 4397 polyethylene sheeting, minimum 10 mil thickness.

2.4.6.1 Waterproof Paper

Kraft paper, glass reinforcing fibers and layers of polyethylene laminated under heat and pressure to form
a single layer meeting the requirements of FS W-B-790, Type I, Grade A, Style 4; or waterproof paper,
regular, conforming to ASTM C 171, consisting of two sheets of kraft paper cemented together with
bituminous material in which are embedded cords or strands of fiber running in both directions not more
than 1 1/4 inch apart.

2.4.6.2 Polyethylene Sheeting

ASTM D 4397, minimum 10 mil thickness.

2.4.7 Materials for Curing Concrete

2.4.7.1 Impervious Sheeting

ASTM C 171; waterproof paper, clear or white polyethylene sheeting, or polyethylene-coated burlap.

2.4.7.2 Pervious Sheeting

AASHTO M182.

2.4.7.3 Liquid Membrane-Forming Compound

ASTM C 309, white-pigmented, Type 2, Class B for exterior use only.

2.4.8 Liquid Chemical Sealer-Hardener Compound

Compound shall be magnesium fluosilicate which when mixed with water seals and hardens the surface
of the concrete. Do not use on exterior slabs exposed to freezing conditions. Compound shall not reduce
the adhesion of resilient flooring, tile, paint, roofing, waterproofing, or other material applied to concrete.
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2.4.9 Expansion/Contraction Joint Filler

ASTM D 1751 or ASTM D 1752, 1/2 inch thick, unless otherwise indicated.

2.4.10 Joint Sealants

2.4.10.1 Horizontal Surfaces, 3 Percent Slope, Maximum

ASTM D 1190 or ASTM C 920, Type M, Class 25, Use T.

2.4.10.2 Vertical Surfaces Greater Than 3 Percent Slope

ASTM C 920, Type M, Grade NS, Class 25, Use T non-sag.

2.5  REINFORCEMENT

2.5.1 Reinforcing Bars

ACI 301 unless otherwise specified. ASTM A 615 with the bars marked A, S, W, Grade 60.

2.5.2 Mechanical Reinforcing Bar Connectors

ACI 301. Provide 125 percent minimum yield strength of the reinforcement bar.

2.5.3 Wire

ASTM A 82 or ASTM A 496.

2.5.4 Reinforcing Bar Supports

Provide bar ties and supports of coated or non corrodible material.

PART 3 - EXECUTION

3.1  FORMS

ACI 301. Provide forms, shoring, and scaffolding for concrete placement. Set forms mortar-tight and true
to line and grade. Chamfer above grade exposed joints, edges, and external corners of concrete 0.75 inch
unless otherwise indicated. Provide formwork with clean-out openings to permit inspection and removal
of debris.

3.1.1 Coating

Before concrete placement, coat the contact surfaces of forms with a nonstaining mineral oil, nonstaining
form coating compound, or two coats of nitrocellulose lacquer. Do not use mineral oil on forms for
surfaces to which adhesive, paint, or other finish material is to be applied.

3.1.2 Removal of Forms and Supports

After placing concrete, forms shall remain in place for the time periods specified in ACI 3478. Prevent
concrete damage during form removal.
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3.1.2.1 Special Requirements for Reduced Time Period

Forms may be removed earlier than specified if ASTM C 39 test results of field-cured samples from a
representative portion of the structure indicate that the concrete has reached a minimum of 85 percent of
the design strength.

3.1.3 Reshoring

Reshore concrete elements where forms are removed prior to the specified time period. Do not permit
elements to deflect or accept loads during form stripping or reshoring. Forms on piers, walls, or other
load-bearing members may be stripped after 2 days if loads are not applied to the members over 10 feet in
span.  Perform reshoring operations to prevent subjecting concrete members to overloads, eccentric
loading, or reverse bending. Reshoring elements shall have the same load-carrying capabilities as original
shoring and shall be spaced similar to original shoring. Firmly secure and brace reshoring elements to
provide solid bearing and support.

3.2  FORMED SURFACES

3.2.1 Tolerances

ACI 34R and as indicated.

3.2.2 As-Cast Form

Provide form facing material producing a smooth, hard, uniform texture on the concrete. Arrange facing
material in an orderly and symmetrical manner and keep seams to a practical minimum. Support forms as
necessary to meet required tolerances. Material with raised grain, torn surfaces, worn edges, patches,
dents, or other defects which will impair the texture of the concrete surface shall not be used.

3.3 PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS

ACI 301. Provide bars, wire fabric, wire ties, supports, and other devices necessary to install and secure
reinforcement. Reinforcement shall not have rust, scale, oil, grease, clay, or foreign substances that would
reduce the bond. Rusting of reinforcement is a basis of rejection if the effective cross-sectional area or the
nominal weight per unit length has been reduced. Remove loose rust prior to placing steel. Tack welding
is prohibited.

3.3.1 Vapor Barrier

Provide beneath the on-grade concrete floor slab. Use the greatest widths and lengths practicable to
eliminate joints wherever possible. Lap joints a minimum of 12 inches. Remove torn, punctured, or
damaged vapor barrier material and provide with new vapor barrier prior to placing concrete. Concrete
placement shall not damage vapor barrier material. Place a 2 inch layer of clean concrete sand on vapor
barrier before placing concrete.

3.3.2 Reinforcement Supports

Place reinforcement and secure with galvanized or non corrodible chairs, spacers, or metal hangers. For
supporting reinforcement on the ground, use concrete or other non corrodible material, having a
compressive strength equal to or greater than the concrete being placed.
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3.3.3 Splicing

As indicated. For splices not indicated ACI 301. Do not splice at points of maximum stress.  Do not weld
splices.

3.3.4 Cover

ACI 301 for minimum coverage, unless otherwise indicated.

3.3.5 Setting Miscellaneous Material

Place and secure anchors and bolts, pipe sleeves, conduits, and other such items in position before
concrete placement. Plumb anchor bolts and check location and elevation. Temporarily fill voids in
sleeves with readily removable material to prevent the entry of concrete.

3.3.6 Construction Joints

Locate joints to least impair strength. Continue reinforcement across joints unless otherwise indicated.

3.3.7 Expansion Joints and Contraction Joints

Provide expansion joint at edges of interior floor slabs on grade abutting vertical surfaces, and as
indicated. Make expansion joints 1/2 inch wide unless indicated otherwise. Fill expansion joints not
exposed to weather with preformed joint filler material. Completely fill joints exposed to weather with
joint filler material and joint sealant. Do not extend reinforcement or other embedded metal items bonded
to the concrete through any expansion joint unless an expansion sleeve is used. Provide contraction joints,
either formed or saw cut or cut with a jointing tool, to the indicated depth after the surface has been
finished. Sawed joints shall be completed within 4 to 12 hours after concrete placement. Protect joints
from intrusion of foreign matter.

3.4  BATCHING, MEASURING, MIXING, AND TRANSPORTING CONCRETE

ASTM C 94, ACI 301, ACI 302.18, and ACI 3048, except as modified herein. Batching equipment shall
be such that the concrete ingredients are consistently measured within the following tolerances: 1 percent
for cement and water, 2 percent for aggregate, and 3 percent for admixtures. Furnish mandatory batch
ticket information for each load of ready mix concrete.

3.4.1 Measuring

Make measurements at intervals as specified in paragraphs entitled "Sampling" and "Testing."

3.4.2 Mixing

ASTM C 94 and ACI 301. Machine mix concrete. Begin mixing within 30 minutes after the cement has
been added to the aggregates. Place concrete within 90 minutes of either addition of mixing water to
cement and aggregates or addition of cement to aggregates if the air temperature is less than 85 degrees F.
Reduce mixing time and place concrete within 60 minutes if the air temperature is greater than 85 degrees
F except as follows: if set retarding admixture is used and slump requirements can be met, limit for
placing concrete may remain at 90 minutes. Additional water may be added, provided that both the
specified maximum slump and water-cement ratio are not exceeded. When additional water is added, an
additional 30 revolutions of the mixer at mixing speed is required. If the entrained air content falls below
the specified limit, add a sufficient quantity of admixture to bring the entrained air content within the
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specified limits. Dissolve admixtures in the mixing water and mix in the drum to uniformly distribute the
admixture throughout the batch.

3.4.3 Transporting

Transport concrete from the mixer to the forms as rapidly as practicable. Prevent segregation or loss of
ingredients. Clean transporting equipment thoroughly before each batch. Do not use aluminum pipe or
chutes. Remove concrete which has segregated in transporting and dispose of as directed.

3.5  PLACING CONCRETE

Place concrete as soon as practicable after the forms and the reinforcement have been inspected and
approved. Do not place concrete when weather conditions prevent proper placement and consolidation; in
uncovered areas during periods of precipitation; or in standing water. Prior to placing concrete, remove
dirt, construction debris, water, snow, and ice from within the forms. Deposit concrete as close as
practicable to the final position in the forms. Do not exceed a free vertical drop of 3 feet from the point of
discharge. Place concrete in one continuous operation from one end of the structure towards the other.
Position grade stakes on 10 foot centers maximum in each direction when pouring interior slabs and on 20
foot centers maximum for exterior slabs.

3.5.1 Tie Beam Placement

Concrete for tie beams may be placed in excavations without forms upon inspection and approval by the
Contracting Officer. Excavation width shall be a minimum of 4 inches greater than indicated.

3.5.2 Vibration

ACI 301.  Furnish a spare vibrator on the job site whenever concrete is placed. Consolidate concrete slabs
greater than 4 inches in depth with high frequency, internal, mechanical vibrating equipment
supplemented by hand spading and tamping. Consolidate concrete slabs 4 inches or less in depth by wood
tampers, spading, and settling with a heavy leveling straightedge. Operate vibrators with vibratory
element submerged in the concrete, with a minimum frequency of not less than 6000 impulses per minute
when submerged. Do not use vibrators to transport the concrete in the forms. Insert and withdraw
vibrators approximately 18 inches apart. Penetrate the previously placed lift with the vibrator when more
than one lift is required. Place concrete in 18 inch maximum vertical lifts. External vibrators shall be used
on the exterior surface of the forms when internal vibrators do not provide adequate consolidation of the
concrete.

3.5.3 Pumping

ACI 304R and ACI 304.2R. Pumping shall not result in separation or loss of materials nor cause
interruptions sufficient to permit loss of plasticity between successive increments. Loss of slump in
pumping equipment shall not exceed 2 inches. Concrete shall not be conveyed through pipe made of
aluminum or aluminum alloy. Rapid changes in pipe sizes shall be avoided. Maximum size of course
aggregate shall be limited to 33 percent of the diameter of the pipe. Maximum size of well rounded
aggregate shall be limited to 40 percent of the pipe diameter. Samples for testing shall be taken at both the
point of delivery to the pump and at the discharge end.

3.5.3.1 Pumping Lightweight Concrete

ACI 213R. Aggregates shall be presoaked or presaturated. Cement content hall be minimum of 564
pounds per cubic yard and shall be sufficient to accommodate a 4 to 6 inch slump.
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3.5.4 Cold Weather

ACI 306.1. Do not allow concrete temperature to decrease below 50 degrees F.  Obtain approval prior to
placing concrete when the ambient temperature is below 40 degrees F or when concrete is likely to be
subjected to freezing temperatures within 24 hours. Cover concrete and provide sufficient heat to
maintain 50 degrees F minimum adjacent to both the formwork and the structure while curing. Limit the
rate of cooling to 5 degrees F in any 1 hour and 50 degrees F per 24 hours after heat application.

3.5.5 Hot Weather

ACI 3058. Maintain required concrete temperature using Figure 2.1.5 in ACI 3058 to prevent the
evaporation rate from exceeding 0.2 pound of water per square foot of exposed concrete per hour. Cool
ingredients before mixing or use other suitable means to control concrete temperature and prevent rapid
drying of newly placed concrete. Shade the fresh concrete as soon as possible after placing. Start curing
when the surface of the fresh concrete is sufficiently hard to permit curing without damage. Provide water
hoses, pipes, spraying equipment, and water hauling equipment, where job site is remote to water source,
to maintain a moist concrete surface throughout the curing period. Provide burlap cover or other suitable,
permeable material with fog spray or continuous wetting of the concrete when weather conditions prevent
the use of either liquid membrane curing compound or impervious sheets. For vertical surfaces, protect
forms from direct sunlight and add water to top of structure once concrete is set.

3.6 SURFACE FINISHES EXCEPT FLOOR, SLAB, AND PAVEMENT FINISHES

3.6.1 Defects

Repair formed surfaces by removing minor honeycombs, pits greater than 1 square inch surface area or
0.25 inch maximum depth, or otherwise defective areas. Provide edges perpendicular to the surface and
patch with nonshrink grout. Patch tie holes and defects when the forms are removed. Concrete with
extensive honeycomb including exposed steel reinforcement, cold joints, entrapped debris, separated
aggregate, or other defects which affect the serviceability or structural strength will be rejected, unless
correction of defects is approved. Obtain approval of corrective action prior to repair. The surface of the
concrete shall not vary more than the allowable tolerances of ACI 3478. Exposed surfaces shall be
uniform in appearance and finished to a smooth form finish unless otherwise specified.

3.6.2 Not Against Forms (Top of Walls)

Surfaces not otherwise specified shall be finished with wood floats followed by steel troweling to even
surfaces. Finish shall match adjacent finishes.

3.6.3 Formed Surfaces

3.6.3.1 Tolerances

ACI 117 and as indicated.

3.6.3.2 As-Cast Rough Form

Provide for surfaces not exposed to public view. Patch this holes and defects and level abrupt
irregularities. Remove or rub off fins and other projections exceeding 0.25 inch in height.
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3.6.4 Smooth Rubbed Finish

Provide concrete indicated with a smooth rubbed finish as follows:

a. Exposed surfaces of grade beams and walls

3.7  FLOOR, SLAB, AND PAVEMENT FINISHES AND MISCELLANEOUS CONSTRUCTION

ACI 302.1R, unless otherwise specified. Slope floors uniformly to drains where drains are provided.
Depress the concrete base slab where quarry tile, or ceramic tile are indicated.  Steel trowel and
fine-broom finish concrete slabs that are to receive quarry tile, ceramic tile, or paver tile .  Where
straightedge measurements are specified, Contractor shall provide straightedge.

3.7.1 Finish

Place, consolidate, and immediately strike off concrete to obtain proper contour, grade, and elevation
before bleedwater appears. Permit concrete to attain a set sufficient for floating and supporting the weight
of the finisher and equipment. If bleedwater is present prior to floating the surface, drag the excess water
off or remove by absorption with porous materials. Do not use dry cement to absorb bleedwater.

3.7.1.1 Scratched

Use for surfaces intended to receive bonded applied cementitious applications. After the concrete has
been placed, consolidated, struck off, and leveled to a Class C tolerance as defined below, the surface
shall be roughened with stiff brushes of rakes before final set.

3.7.1.2 Floated

Use for exterior slabs where not otherwise specified.  After the concrete has been placed, consolidated,
struck off, and leveled, do not work the concrete further, until ready for floating.  Whether floating with a
wood, magnesium, or composite hand float, with a bladed power trowel equipped with float shoes, or
with a powered disc, float shall begin when the surface has stiffened sufficiently to permit the operation.
During or after the first floating, surface shall be checked with a 10 foot straightedge applied at no less
than two different angles, one of which is perpendicular to the direction of strike off. High spots shall be
cut down and low spots filled during this procedure to produce a surface level within ¼ inch in 10 feet.

3.7.1.3 Steel Troweled

Use for floors intended as walking surfaces and for reception of floor coverings.  First, provide a floated
finish. The finish shall next be power troweled two times, and finally hand troweled. The first troweling
after floating shall produce a smooth surface which is relatively free of defects but which may still show
some trowel marks. Additional trowelings shall be done by hand after the surface has hardened
sufficiently. The final troweling shall be done when a ringing sound is produced as the trowel is moved
over the surface. The surface shall be thoroughly consolidated by the hand troweling operations. The
finished surface shall be essentially free of trowel marks and uniform in texture and appearance. The
finished surface shall produce a surface level to within 1/4 inch in 10 feet. On surfaces intended to
support floor coverings, any defects of sufficient magnitude to show through the floor covering shall be
removed by grinding.
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3.7.1.4 Broomed

Use on surfaces of exterior walks, platforms, patios, and ramps, unless otherwise indicated. Perform a
floated finish, then draw a broom or burlap belt across the surface to produce a coarse scored texture.
Permit surface to harden sufficiently to retain the scoring or ridges. Broom transverse to traffic or at right
angles to the slope of the slab.

3.7.1.5 Pavement

Screed the concrete with a template advanced with a combined longitudinal and crosswise motion.
Maintain a slight surplus of concrete ahead of the template. After screeding, float the concrete
longitudinally. Use a straightedge to check slope and flatness; correct and refloat as necessary.  Obtain
final finish by a burlap drag. Drag a strip of clean, wet burlap from 3 to 10 feet wide and 2 feet longer
than the pavement width across the slab. Produce a fine, granular, sandy textured surface without
disfiguring marks.  Round edges and joints with an edger having a radius of 1/8 inch.

3.7.2 Concrete Walks

Provide 4 inches thick minimum. Provide contraction joints spaced every 5 linear feet unless otherwise
indicated. Cut contraction joints one inch deep with a jointing tool after the surface has been finished.
Provide 0.5 inch thick transverse expansion joints at changes in direction where sidewalk abuts curb,
steps, rigid pavement, or other similar structures; space expansion joints every 50 feet maximum. Give
walks a broomed finish. Unless indicated otherwise, provide a transverse slope of 1/48. Limit variation in
cross section to 1/4 inch in 5 feet.

3.7.3 Curbs and Gutters

Provide contraction joints spaced every 10 feet maximum unless otherwise indicated. Cut contraction
joints 3/4 inch deep with a jointing tool after the surface has been finished. Provide expansion joints 1/2
inch thick and spaced every 100 feet maximum unless otherwise indicated. Perform pavement finish.

3.8  CURING AND PROTECTION

ACI 301 unless otherwise specified. Begin curing immediately following form removal. Avoid damage to
concrete from vibration created by blasting, pile driving, movement of equipment in the vicinity,
disturbance of formwork or protruding reinforcement, and any other activity resulting in ground
vibrations. Protect concrete from injurious action by sun, rain, flowing water, frost, mechanical injury, tire
marks, and oil stains. Do not allow concrete to dry out from time of placement until the expiration of the
specified curing period. Do not use membrane-forming compound on surfaces where appearance would
be objectionable, on any surface to be painted, where coverings are to be bonded to the concrete, or on
concrete to which other concrete is to be bonded. If forms are removed prior to the expiration of the
curing period, provide another curing procedure specified herein for the remaining portion of the curing
period. Provide moist curing for those areas receiving liquid chemical sealer-hardener or epoxy coating.

3.8.1 Moist Curing

Remove water without erosion or damage to the structure.
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3.8.1.1 Ponding or Immersion

Continually immerse the concrete throughout the curing period. Water shall not be more than 20 degrees
F less than the temperature of the concrete. For temperatures between 40 and 50 degrees F, increase the
curing period by 50 percent.

3.8.1.2 Fog Spraying or Sprinkling

Apply water uniformly and continuously throughout the curing period. For temperatures between 40 and
50 degrees F, increase the curing period by 50 percent.

3.8.1.3 Pervious Sheeting

Completely cover surface and edges of the concrete with two thicknesses of wet sheeting. Overlap
sheeting 6 inches over adjacent sheeting. Sheeting shall be at least as long as the width of the surface to
be cured.  During application, do not drag the sheeting over the finished concrete nor over sheeting
already placed. Wet sheeting thoroughly and keep continuously wet throughout the curing period.

3.8.1.4 Impervious Sheeting

Wet the entire exposed surface of the concrete thoroughly with a fine spray of water and cover with
impervious sheeting throughout the curing period. Lay sheeting directly on the concrete surface and
overlap edges 12 inches minimum. Provide sheeting not less than 18 inches wider than the concrete
surface to be cured. Secure edges and transverse laps to form closed joints. Repair torn or damaged
sheeting or provide new sheeting. Cover or wrap columns, walls, and other vertical structural elements
from the top down with impervious sheeting; overlap and continuously tape sheeting joints; and introduce
sufficient water to soak the entire surface prior to completely enclosing.

3.8.2 Liquid Membrane-Forming Curing Compound

Seal or cover joint openings prior to application of curing compound. Prevent curing compound from
entering the joint. Apply in accordance with the recommendations of the manufacturer immediately after
any water sheen which may develop after finishing has disappeared from the concrete surface. Provide
and maintain compound on the concrete surface throughout the curing period. Do not use this method of
curing where the use of Figure 2.1.5 in ACI 3058 indicates that hot weather conditions will cause an
evaporation rate exceeding 0.2 pound of water per square foot per hour.

3.8.2.1 Application

Unless the manufacturer recommends otherwise, apply compound immediately after the surface loses its
water sheen and has a dull appearance, and before joints are sawed. Mechanically agitate curing
compound thoroughly during use. Use approved power-spraying equipment to uniformly apply two coats
of compound in a continuous operation. The total coverage for the two coats shall be 200 square feet
maximum per gallon of undiluted compound unless otherwise recommended by the manufacturer's
written instructions. The compound shall form a uniform, continuous, coherent film that will not check,
crack, or peel. Immediately apply an additional coat of compound to areas where the film is defective.
Re-spray concrete surfaces subjected to rainfall within 3 hours after the curing compound application.
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3.8.2.2 Protection of Treated Surfaces

Prohibit pedestrian and vehicular traffic and other sources of abrasion at least 72 hours after compound
application. Maintain continuity of the coating for the entire curing period and immediately repair any
damage.

3.8.3 Liquid Chemical Sealer-Hardener

Apply sealer-hardener to interior floors not receiving floor covering.  Apply the sealer-hardener in
accordance with manufacturer's recommendations. Seal or cover joints and openings in which joint
sealant is to be applied as required by the joint sealant manufacturer. The sealer-hardener shall not be
applied until the concrete has been moist cured and has aged for a minimum of 30 days. Apply a
minimum of two coats of sealer-hardener.

3.8.4 Curing Periods

ACI 301 except 10 days for retaining walls, pavement or chimneys, 21 days for concrete that will be in
full-time or intermittent contact with seawater, salt spray, alkali soil or waters. Begin curing immediately
after placement. Protect concrete from premature drying, excessively hot temperatures, and mechanical
injury; and maintain minimal moisture loss at a relatively constant temperature for the period necessary
for hydration of the cement and hardening of the concrete. The materials and methods of curing shall be
subject to approval by the Contracting Officer.

3.9  FIELD QUALITY CONTROL

3.9.1 Sampling

ASTM C 172. Collect samples of fresh concrete to perform tests specified. ASTM C 31 for making test
specimens.

3.9.2 Testing

3.9.2.1 Slump Tests

ASTM C 143. Take concrete samples during concrete placement. The maximum slump may be increased
as specified with the addition of an approved admixture provided that the water-cement ratio is not
exceeded. Perform tests at commencement of concrete placement, when test cylinders are made, and for
each batch (minimum) or every 20 cubic yards of concrete.

3.9.2.2 Temperature Tests

Test the concrete delivered and the concrete in the forms. Perform tests in hot or cold weather conditions
below 50 degrees F and above 80 degrees F for each batch (minimum) or every 20 cubic yards
(maximum) of concrete, until the specified temperature is obtained, and whenever test cylinders and
slump tests are made.

3.9.2.3 Compressive Strength Tests

ASTM C 39. Make five test cylinders for each set of tests in accordance with ASTM C 31. Precautions
shall be taken to prevent evaporation and loss of water from the specimen. Test two cylinders at 7 days,
two cylinders at 28 days, and hold one cylinder in reserve.  Samples for strength tests of each mix design
of concrete placed each day shall be taken not less than once a day, nor less than once for each 100 cubic
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yards of concrete, nor less than once for each 5000 square feet of surface area for slabs or walls.  For the
entire project, take no less than five sets of samples and perform strength tests for each mix design of
concrete placed. Each strength test result shall be the average of two cylinders from the same concrete
sample tested at 28 days. If the average of any three consecutive strength test results is less than f'c or if
any strength test result falls below f1c by more than 500 psi, take a minimum of three ASTM C 42 core
samples from the in-place work represented by the low test cylinder results and test. Concrete represented
by core test shall be considered structurally adequate if the average of three cores is equal to at least 85
percent of f'c and if no single core is less than 75 percent of f'c. Locations represented by erratic core
strengths shall be retested. Remove concrete not meeting strength criteria and provide new acceptable
concrete. Repair core holes with nonshrink grout.  Match color and finis of adjacent concrete.

3.9.2.4 Air Content

ASTM C 173 or ASTM C 231 for normal weight concrete and ASTM C 173 for lightweight concrete.
Test air-entrained concrete for air content at the same frequency as specified for slump tests.

3.92.5 Unit Weight of Structural Lightweight Concrete

ASTM C 567. Determine unit weight of lightweight concrete.  Perform test for every 20 cubic yards
maximum.

END OF SECTION


